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SUPPLEMENTARY MATERIALS section S1: Aerosol Jet printing technique
In the Aerosol Jet printing technique, an ink (i.e. a nanoparticle dispersion) is atomized either by ultrasonic waves (for ink viscosity <10 cP) or by gas pressure (for inks with viscosities between 10cP and 1000 cP) and carried by N 2 gas to the deposition head in form of aerosol. A sheath gas, also N 2 , is used to focus the aerosol droplets through a ceramic nozzle onto a substrate at a distance of up to 5 mm from the nozzle tip. The process is shown in fig.
S1.
fig. S1. An illustration of the aerosol jet printing technique. The sheath gas flow focuses and accelerates the aerosolized materials through the nozzle to have microscale stream of condensed material.
The continuous flow of aerosol from the nozzle can be stopped by closing and opening of a mechanical shutter. The opening and closure of shutter can be done at a speed that can dispense droplets with a total volume in a few pico-liter range. By positioning a substrate with micrometer accuracy and successive jetting of micro droplets, we build structures in three dimensions in a pointwise manner as shown in fig. S2 .
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fig. S2. Schematic of pointwise printing process. Rapid droplet condensation and solvent evaporation provides a support for next micro droplet. An inclined pillar can be built within the geometry constrains without use of any sacrificial or supporting materials.
section S2. Physical model for critical angle of growth
The critical angle of growth in the pointwise process during the nanoparticle assembly forms a design constraint for the achievable microarchitectures in three dimensions. To accurately predict the different motifs of sintered nanoparticles that can be fabricated by the current method, we develop a mathematical model that predicts the lowest critical angle of growth as a function of parameters such as the contact angle, surface energy, temperature, and ink viscosity. For the pointwise printing method, we develop a mathematical model to estimate the critical angle, i.e., the minimum angle with the horizontal for the growth of the droplet. See We simplify the analysis by considering only the static part of the droplet behavior once it reaches over the previous droplet. The droplet shape is assumed to be a truncated sphere as defined by the contact angle and the substrate ledge geometry. The droplet properties are assumed to be constant in the analysis although evaporation process is expected to be present after the static stabilization. Further, we assume that the supporting surface has a right angled edge. As the droplet settles on the substrate, its volume ( ) will be determined by the contact angle ( ), the radius ( ), and the ledge geometry. Let be partitioned between , i.e., the spherical cap volume, and , the volume below the supporting plane as shown in fig. S3 . Here, , is the radius of the droplet base, while is the height of droplet ( fig. S3 ). Substituting into , we can estimate the droplet volume as, In writing Eq. S1, is assumed to be small compared to . A differential element at the circumference with the surface tension force is shown in fig. S3 . The total moment due to surface tension can be given by the integration of differential moment, where , is the circumferential differential (surface-liquid) force ( fig. S3 ), and is the position vector for the element. Substituting the differential elements in a torque balance printed patterns (e.g. the motifs in Fig. 3 ), the micro droplet diameter after drying is in the range of 10-20 m and considered in the current study and used to plot the results in Fig. 2(B) .
section S3. Droplet evaporation rate
In order to determine the time to condense the droplet, we estimate the evaporation rate of the nanoparticle ink droplets as a function of the temperature. Although we assume that the liquid droplet is in equilibrium; factors such as vibrations, Brownian motion of the nanoparticles in the droplet, and successively dispensed droplets will disturb the equilibrium. It is thus important to know when the droplet will solidify during the precipitation process such that we consider the analysis presented in the paper as valid as long as the solidification process can be assumed to have happened prior to any destabilizing factors. This analysis will determine the largest particle diameter that can be precipitated in a reasonable amount of time (1s or less) in order to fabricate structures at a reasonable rate. Considering the particle loading of the droplet, we make an assumption that the droplet is solidified when half of its volume evaporates. The evaporation rate is expected to be a function of the substrate temperature, nanoparticle dispersion, and the shape of the droplet. Here, we derive a formulation for microdroplet evaporation rate. Note that in the micrometer sized droplets (up to a tens of m diameter), the droplet radius is comparable to the mean free path of vapor molecules.(31) The evaporation rate for such droplets with spherical shapes is given by, (31) ,
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where each of the parameters has been defined below and in table S1 along with the values used in this analysis. Note that Eq. S3 can be modified for a droplet on a solid surface by multiplying the right hand side of the equation by correction factor (31) given by
The vapor properties can be estimated by kinetic theory of gases as follow,
Where is the number of vapor molecules per unit volume, mass of single vapor molecule.
By numerical integration of the rate of evaporation given in Eq. S3 over time, along with Eq. S4, the half-life time of the droplet, i.e., when the droplet loses half of its volume, can be estimated. In the present study, the solvent and binder portions of condensed material after atomization could not be characterized by conventional methods due to very small amount of material per droplet. We assume that the droplet surface prior to drying is pure ethylene glycol, while the droplet is silver once the drying is completed as defined before. Fig. 2(C) . S4(A) ]. The ink with 1 m particle size required higher temperatures to sinter and different samples were sintered under the conditions shown in fig. S4(B) . The samples with the 1 m particle size were partly potted in to a mold S8 (SamplKup, Buehler, Lake Bluff, IL) using a mixture of epoxy resin and hardener (EpoxiCure, Buehler, Lake Bluff, IL) at a ratio of 4:1, which was cured for 9 hours. The samples were then polished successively down to 0.05 m polishing suspension (Buehler, Lake Bluff, IL) to expose the Ag nanoparticle sample and produce a highly smooth surface. This procedure involved using grit 400, grit 600 and grit 1200 SiC abrasive paper (Buehler, Lake Bluff, IL) and 3 m diamond and 0.05 m alumina polishing compound (Buehler, Lake Bluff, IL), in that order. For polishing with grit 400, 600 and 1200 abrasive paper, the speed of the polishing wheel was around 60 rpm, the smoothness of the sample surface was monitored about every minute using an optical microscope (Axio Model A1, Carl Zeiss, Oberkochen, Germany). Figure S4 shows the top surface of the 30-50 nm Ag particles sintered under different conditions ( fig. S4(A) ) and the cross section of the 1 m Ag flakes sintered at higher temperatures ( fig. S4(B) ). The 30nm particles can clearly be seen to have grain growth as the A B S10 sintering temperature is increased. Further, a porosity in the range of 100 nm and larger can be clearly observed for the sintering above 200 o C. In case of the Ag particles with 1 m size, the pore sizes are higher, with a directionality in the porosity which arises from the non-spherical particle shape. The porosity was estimated by analyzing the cross section (i.e. 2D) images using ImageJ Software(34) (National Institute of Health, Bethesda MD). Note that methods that predict porosity based upon adsorption (e.g. Brunauer-Emmett-Teller or BET method)
were not successful as the porosity does not form an interconnected structure. Clearly, the sintering conditions can vary the porosity from 25-45% for the sintering of larger sized Ag nanoparticles; while near fully dense microstructure can be achieved with the 30-50nm sized Ag nanoparticles. Note that the porosity observed in fig. S4 is the porosity expected within the truss elements of the micro-architectures and not in the porosity from the printing process itself (which is at several tens of m to hundreds of m as observed in figs. 3 and 5).
section S5. Compression tests
The microlattices fabricated using the droplet condensation method were tested using a motorized compression test machine (Mark-10, ESM303, Copiague, NY) equipped by a 250 N load cell (Mark-10, M4-50, Copiague, NY) with 0.1 N accuracy. The tests were conducted at a loading rate of 10 m/s in controlled displacement mode. A camera (Firefly, GT800, Belmont MA) was used to take videos of the experiments. A sample video is included in the Supplementary Materials (video S1). The overall stiffness of the loading structure was estimated to be much higher than the tested scaffold. All the structures for the compression test had a unit cell having eight edges and six vertices ( fig. S5(A) and S5(B) ). Note that this structure differs slightly from an octahedron cell by absence of four out of the 12 edges and hence does not satisfy Maxwell's criterion (35). This geometrical feature is expected to enhance the flexibility of the structure in two principal directions and is expected to result in higher strain tolerance compared to that with the vertices present. The results of mechanical compression tests (stress-strain relationship) of samples covering a wide range of fullness fractions from about ~0.05 to ~0.30, with a strain up to 45%, are shown in fig. S5(C) .
The stress-strain curves show an initial linear portion followed by a long plateau consisting of periodic instabilities, a feature similar to that observed in macroscale honeycomb crushing of metals.(36) Note that while plotting fig. S5(C) , the total area of the metal on the lattice top surface is taken to calculate the stress. The results of the Young's modulus as a function of S11 relative density on the Ashby chart is shown in fig. S5(D) and shows a region not occupied by materials reported in the past. A detailed investigation of the rate of decay in the strength of the lattices with density is currently underway and is out of the scope of this paper. The results presented in fig. S5 indicates that the Ag lattices fabricated by the droplet method can be used as lightweight elements in structural applications. A B C D S13 movie S1. Video showing compressive loading of a 3D microlattice fabricated by the pointwise printing method.
